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Open Science



What is Open Science?

Definition per 2021 UNESCO Recommendation on 
Open Science, Open Science aims to:

• “make multilingual scientific knowledge openly 
available, accessible and reusable for everyone”

• “increase scientific collaborations and sharing of 
information for the benefits of science and 
society”

• “open the processes of scientific knowledge 
creation, evaluation and communication to 
societal actors beyond the traditional scientific 
community.” 

https://unesdoc.unesco.org/ark:/48223/pf0000379949

https://unesdoc.unesco.org/ark:/48223/pf0000379949
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Why?

https://unesdoc.unesco.org/ark:/48223/pf0000379949


Because we can?

The current state of 
scholarly communication?

A 19th century process applied to a 17th

century communication format
Slowly but surely adapting to web 

technologies from 1995

CC BY @protohedgehog

http://twitter.com/protohedgehog


Because the way we do things atm isn’t going great?



Because we should?

Publicly-funded knowledge is a public good 
and should be accessible to everyone, right?

• Article 27 of the Universal Declaration of 
Human Rights: “Everyone has the right 
freely to … share in scientific advancement 
and its benefits.” 

• Article 15 of the International Covenant on 
Economic, Social and Cultural Rights: 
“recognize the right of everyone … To enjoy 
the benefits of scientific progress and its 
applications”



Images from UNESCO Recommendation, CC BY SA

Open Science is a diverse bunch of 
practices and principles



Open Access 

For researchers, getting 
published is like going to a 
restaurant, bringing all of 

your own ingredients, 
cooking the meal yourself, 

and then being charged 
$40 for a waiter to bring it 

out on a plate for you.



Open Access

• Aim: Make scientific literature Open Access (OA)
• “Open access (OA) literature is digital, online, free of charge, 

and free of most copyright and licensing restrictions” (Suber
2012)

• Two main routes:
• Journals publish articles OA (gold OA)

• Authors upload copies of articles to repositories (green OA) 

• Movement that dates back to the 1990s
• Catalyst: Budapest Open Access Initiative (Chan et al. 2002)

Chan, L. et al. 2002. “Budapest Open Access Initiative.” Budapest Open Access Initiative. February 14, 2002. 
http://www.budapestopenaccessinitiative.org/read

Suber, P. 2012. Open Access. MIT Press. Cambridge, MA.



Open and FAIR data

• Aim: To enable re-use and reproducibility 
by making research data as open as 
possible but as closed as necessary

• There are sometimes good reasons for not 
making data open (sensitive data, rights 
issues, security, competition*)

• FAIR is a framework for ensuring data is (if 
not open), at least findable, accessible, 
interoperable and re-usable

Wilkinson, M.D. et al. 2016. “The FAIR Guiding 

Principles for Scientific Data Management and 

Stewardship.” Scientific Data. 

https://doi.org/10.1038/sdata.2016.18

https://doi.org/10.1038/sdata.2016.18


Open 
source 
code and 
software

• Open Source is freely available software that can be modified and 
redistributed

• Software plays a pivotal role in research methods across many/most 
academic disciplines

• Sharing analysis scripts and code underpinning scientific publications 
helps ensure transparency, computational reproducibility and aids re-use

• Preferring open source software for research overcomes proprietary 
software costs, limitations on transparency of functionality, avoids vendor 
lock-in, and is also often more responsive to community needs.

• C.f., https://openscience-utrecht.com/free-libre-and-open-source-software-for-
research/

Image CC BY 
The open 

science training 
handbook

https://openscience-utrecht.com/free-libre-and-open-source-software-for-research/
https://openscience-utrecht.com/free-libre-and-open-source-software-for-research/


Open methods, protocols & materials

Making research methodologies, protocols, and materials freely accessible to 
enhance reproducibility, transparency, and collaboration

• Methods: Enhanced descriptions of experimental procedures, 
computational algorithms, or data analysis techniques

• Open Notebooks: Digital platforms (e.g., Jupyter) where researchers transparently 
share their ongoing processes, data, and findings in real-time, 

• Protocols: Step-by-step procedures for experiments, ensuring consistency 
and reproducibility

• Protocol.io: A platform for sharing and collaborating on research protocols

• Materials: Information about reagents (chemicals, enzymes, antibodies, 
etc.) and other physical materials or resources used in research

• C.f., Open Materials database: https://openmaterialsdb.se/

https://openmaterialsdb.se/


Citizen Science - Engaging the public in 
research
• Citizen science involves the general public in scientific research 

activities, often through data collection, analysis, or reporting

• Key Benefits:
• Widens data collection: Engages diverse participants, enabling large-scale and 

geographically widespread data collection (e.g., environmental monitoring)
• Enhances scientific literacy: Bridges the gap between scientists and the public, 

fostering science education and literacy
• Many hands: Distributed data analysis where, e.g., manual classification of 

galaxies done by thousands of volunteers (Galaxy Zoo) (can now be combined 
with Machine Learning techniques) 

• Example: Zooniverse platform: zooniverse.org

https://www.zooniverse.org/


Open Peer Review

• Bringing Open Science principles to the ways research and researchers are 
assessed

• Peer review is our primary quality assurance mechanism
• Scholarly works are scrutinised by others (“experts”), whose feedback and 

judgements are used to improve works and make decisions regarding selection 
• Peer review is felt essential (though often as ‘least-worst option’), and generally 

highly valued, but we know it has multiple issues, e.g.:

CC BY Mike Eisen

• Incentives 
• Time
• Wasted effort

• Accountability
• Biases
• Error detection



Reproducibility



• At its highest level, just obtaining consistent results when repeating experiments,
observations or analyses

• Often considered a cornerstone of **scientific** enquiry

• Definitions vary (a lot)

• Not only in using the same words for different things (reproducibility / replication) but
also in taxonomies for the various aspects of research that can be made
reproducible/replicable

• Key distinction between:
• Methods reproducibility: Work that is reproducible in principle, meaning that there is sufficient 

documentation and sharing of methods, protocols, data, code, etc. to enable the work to be 
reproduced. 

• Results reproducibility: Work that actually successfully reproduces/replicates when a study is repeated, 
i.e., the results are found to be sufficiently similar across both studies.

What is reproducibility?



Reproducibility of research is in question

18

Causes
• Poor reporting of methods

• Poor design (e.g., underpowered studies)

• Inadequate sharing of raw and processed 
data, code, materials

• Lack of standardisation (variation in 
protocols, equipment, analytical methods)

• Lack of (incentives for) 
reproduction/replication studies

• Publication bias (positive results over null 
or negative findings)

• Questionable research practices (incl. p-
hacking, HARKing, data leakage)

• Researcher social/cognitive biases

• Constraints of time/resources



Generate 
and specify 
hypotheses

Design 
study

Collect data
Analyse data

Test hypotheses

Interpret 
data

Publish or 
Conduct next 
experiment

Chris Chambers
osf.io/dfr85

The (ideal) hypothetico-deductive model of research

http://www.osf.io/dfr85


P-hacking
Data dredging
HARKing

Generate 
and specify 
hypotheses

Design 
study

Collect data
Analyse data

Test hypotheses

Interpret 
data

Publish or 
Conduct next 
experiment

Publication bias
Lack of data/
methods sharing

Low statistical power
Lack of pre-registration

Failure to control for bias
Lack of replication

Poor measurement
Poor quality control Chris Chambers

osf.io/dfr85

Where things go wrong (hint: it’s the humans)

“Cherry picking” data 
that supports 
hypotheses

http://www.osf.io/dfr85


• Many of the issues underlying poor levels of reproducibility 
relate to poor documentation

• (Gundersen and Kjensmo 2018), examining AI research:  
“The three degrees of reproducibility are defined by which 
documentation is used to reproduce the results.”

Reproducibility as (in part) a documentation issue (hence the importance 
of Open Science)

Gundersen O.E. 2018. “State of the Art: Reproducibility in Artificial Intelligence.” Proceedings of the AAAI Conference 

on Artificial Intelligence 32 (1). https://ojs.aaai.org/index.php/AAAI/article/view/11503.



An issue of Research Culture?

• Lack of uptake of Open 
Science practices is in large 
part due to a lack of incentives

• Current cultures in research 
prioritise competition over 
collaboration and publication 
of flashy, counter-intuitive 
findings in prestigious venues

• Why? And how does this harm 
reproducibility? … https://www.cos.io/blog/strategy-for-culture-change



Research culture: Mertonian norms – “ the ethos of 
modern science”?

Commun(al)ism

Universalism

Disinterestedness

Organised skepticism

BUT
If scholarship actually 
matched these ideals, 

wouldn’t we already have 
Open Science?

Merton (1942) The Normative Structure of Science



Anti-norms – a more realistic picture?

Particularism

Competition

Self-interestedness

Organized dogmatism
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Adapted from: Anderson (2000) Normative Orientation of University Faculty and Doctoral Students 
https://doi.org/10.1007/s11948-000-0002-6; and: Mitroff (1974) Norms and counter-norms in a select group of 
the Apollo moon scientists https://www.doi.org/10.2307/2094423

https://doi.org/10.1007/s11948-000-0002-6
https://www.doi.org/10.2307/2094423


There is no mystery why

Picture in the UK, post-PhD in science subjects, © The Royal Society, 2010
https://royalsociety.org/~/media/Royal_Society_Content/policy/publications/2010/4294970126.pdf

https://royalsociety.org/~/media/Royal_Society_Content/policy/publications/2010/4294970126.pdf


• Studied researcher assessment policies from 107 
institutions across 7 countries

• Factors related to Open Science and Responsible 
Research and Innovation still very rare

Pontika, Klebel, Correia, Metzler, Knoth & Ross-Hellauer. 2022. 
Indicators of research quality, quantity, openness, and responsibility 
in institutional review, promotion, and tenure policies across seven 
countries. Quantitative Science Studies. 3 (4): 888–911. 
https://doi.org/10.1162/qss_a_00224



• Perform more 
replication/reproduction of 
others’ work 

• Pre-register research 
protocols/hypotheses

• Share your data and code
• Use established reporting 

guidelines
• Preprint research for early 

feedback

What you can do

Munafo, M.R. et al. 2017. “A Manifesto for Reproducible Science.” Nat Hum Behav

1 (January): 0021. https://doi.org/10.1038/s41562-016-0021.



Recap

• Open Science: research that is openly available, accessible and 
reusable for everyone, encompassing a range of practices (OA, FAIR 
data, sharing of methods, citizen science, open peer review)

• Reproducible research: research that is transparent (protocols, data, 
code, etc.) such that it can be repeated, and that is free of 
questionable research practices such that results are robust



Thank you!
v

Questions?

Contacts:
tross@know-center.at

https://mstdn.social/@tonyRH

https://www.linkedin.com/in/tonyrosshellauer/

https://twitter.com/tonyR_H

mailto:tross@know-center.at
https://twitter.com/tonyR_H
https://twitter.com/tonyR_H
https://twitter.com/tonyR_H
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